By use of galactose oxidase (EC 1.1.3.9), followed by reduction with tritiated sodium borohydride, the There is increasing evidence that the plasma membrane of tumor cells differs from that of normal cells. Increased reactivity to lectins (1) and to anti-glycolipid antibody (2), incomplete synthesis of carbohydrate chains in glycolipid (3) and glycoproteins (4), and enhanced synthesis of a specific sialylfucopeptide in transformed cells (5) (1 X amino acids and vitamins) and 10% calf serum, containing 10 lg (for 3T6 cells) or 4 jig (for NILpy) of dextran sulfate per ml of medium (6). The dextran sulfate (molecular weight about 50,000) was kindly provided by Dr. M. Goto, Tohoku University, Sendai, Japan. The saturation densities of 3T6 cells and NILpy cells with induced contact sensitivity were 1-1.5 X 105/cm2 and 105/cm2, respectively. Cells grown in regular medium reached densities as high as 5-8 X 105/cm2.
incomplete synthesis of carbohydrate chains in glycolipid (3) and glycoproteins (4) , and enhanced synthesis of a specific sialylfucopeptide in transformed cells (5) are particularly noticeable. No direct evidence has been provided, however, on whether the altered glycolipid or glycoprotein components are located on the external surface of the cell membrane.
Contact response* can be restored in tumor cells by growing them under suitable conditions, such as in medium containing dextran sulfate (6) or cyclic AMP (7) or in medium in which glucose was replaced by galactose (8) . Because it recently became possible to specifically label surface glycoproteins and glycolipids of cells with galactose oxidase (EC 1.1.3.9) followed by reduction with tritiated sodium borohydride (9), a technique based on the labeling of ceruloplasmin (10) NILpy and 3T3svpy cells were grown in the presence of 0.1 mM dibutyryl cyclic AMP and 1 mM theophyllin (12) . The morphological change appeared more remarkable in NILpy cells than in-3T3svpy cells. After 2-3 days in culture, the cells appeared well contact-oriented and the size of the cells increased. Freshly transformed NILpy cells showed remarkable changes in morphology and contact orientation when cultured in Eagle's medium (twice the standard concentration of amino acids and vitamins), in which glucose was replaced with galactose and which was supplemented with 10% fetal-calf serum.
The Procedure for Surface Labeling was a slight modification of a described method (9) . The cells from one plate (Falcon, 14 cm in diameter) were enough for labeling and were obtained either by scraping with a rubber policeman or by using a 0.02% EDTA solution or a 0.25% trypsin solution. The specific activity of the NaB3H4 was 6 Ci/mmol. For further details, see the legend to Fig. 2 .
Analysis of Labeled Glycoproteins and Glycolipids: Electrophoresis was done with internal [14C]formaldehyde-labeled standard l)roteins (13) . The radioactive gels were sliced and counted as described (9) . Unless otherwise indicated, the cells were harvested by treatment with 0.02% EDTA. Glycolipids were extracted and partitioned (14) . The neutral glycolipid fraction was purified from the lower phase by acetylation (15) and analyzed by thin-layer chromatography and gas chromatography as described (9) .
RESULTS
Surface Localization of Label and Nonspecific Label in NIL and 3T3 Cells. The label was nearly exclusively located on cell surfaces, as shown by autoradiography of fixed and dissected cells (Fig. 1) ; the activity of the label was proportional to cell number. Nonspecific labels without galactose oxidase were found in some proteins and in lipids of NIL and 3T3 cells.
Peaks "c" of intact NIL and NILpy cells ( Fig. 2A and B), "f" of neuraminidase-treated NIL and NILpy cells (Fig. 2C-H), and "e" of neuraminidase-treated transformed 3T3 cells ( Fig. 3C and D) were due to nonspecific label. These proteins with nonspecific label had similar molecular weights (56,000-59,000); the label was enhanced in transformed cells.
Specific Labeling Pattern of Normal and Transformed Cells. The specific label in glycolipids was shown by the presence of radioactivity in l)urified glycolipid fraction by acetylation and by the presence of radioactivity in galactose and galactosamine fractions separated on gas chromatography (9) . Peak "a" with an apparent molecular weight of 200,000 was found only in normal NIL cells ( Fig. 2A) , but was totally absent in transformed NIL cells (Fig. 2B) . Without neuraminidase treatment, no appreciable glycoprotein peak was obtained for labeled 3T3 cells and their transformants.
Labeled peaks characteristic for transformed NIL and 3T3 cells were clearly demonstrated when cells were treated with neuraminidase. NILpy cells contained the enhanced peak "d" with an apparent molecular weight of 85,000 (Fig. 2D) , and 3T3sv and 3T3svlpy cells had the l)rominent peak "c" with Proc. Nat. Acad. Sci. USA 70 (1973) ., P., .l. .0) and suspended in 0.5 ml of PBS containing 2 mM phenylmethylsulfonylfluoride (Sigma) to inhibit proteases. 100 ,A of galactose oxidase dissolved in PBS (pH 7.0) containing 100 units/ml (Sigma Type III) was then added, and the cells were incubated at room temperature for 2 hr with gentle shaking. The galactose oxidase did not contain any measurable proteolytic or neuraminidase activity. In some experiments, galactose oxidase was purified by affinity chromatography on Sepharose 4B column. After incubation the cells were washed twice in PBS (pH 7.4) and suspended in 0.5 ml of PBS (pH 7.4) to which was added 50 Al of tritiated sodium borohydride solution containing 0.5-1 mCi of NaB3H4, specific activity 6 Ci/mmol (New England Nuclear Corp; stored in 0.01 N NaOH solution at -70). The reaction mixture was allowed to stand for 30 min at room temperature. In some experiments the cells were first incubated with 50 Al of Vibrio cholerae neuraminidase (Calbiochem, Type B) that contained 500 units/ml in 0.5 ml of 0.1 M phosphate buffer (pH 6.0) in the presence of protease inhibitor. Cells incubated with dibutyryl cyclic AMP were treated with V. cholerae neuraminidase in the presence of 1 mM dibutyryl cyclic AMP, followed by the labeling procedure. #-gal, f-galactosidase; BSA, bovine-serum albumin; OVA, ovalbumin; cyto c, cytochrome c (each labeled with [14C]-formaldehyde and used as internal marker). BPB, peak position of bromphenol blue tracking dye. Peaks "d" and "f," which showed a remarkable change on transformation and on reverted cell behavior, are shaded. Peaks "c" of A and B and "f" of C-H were nonspecifically labeled. Fig. 2 . Peaks "c" and "e," which showed a remarkable change on transformation and on reverted cell behavior, are shaded. Peak "e" contained nonspecific label.
an apparent molecular weight of 105,000 ( Fig. 3C and D) . Actively growing 3T3 cells showed also a relatively large peak "c" (Fig. 3B) , while confluent 3T3 cells had no detectable peak "c." Instead, the confluent 3T3 cells had more label in the "b" peak and "g" peak (Fig. 3A) . The "g" peak was very low or not detectable in transformed cells. In either 3T3sv or 3T3svpy cells, the presence of a relatively high label at the highest molecular-weight range (peak "a" of Fig.  3C and D) was noticed.
Modified Surface Label by Trypsin and Other Reagents that Induced Altered Growth Behavior. If confluent NIL or 3T3 cells were treated with trypsin and then labeled, there appeared a greatly enlarged peak "d" for trypsinized NIL cells (Fig. 2G ) and a peak "c" for trypsinized 3T3 cells (Fig. 3E ), which were not markedly labeled without trypsinization. In normal 3T3 cells from either confluent or growing cultures, the label in lipid was much greater than in transformed 3T3 cells.
The relative activity of peak "b" greatly increased when contact response of NILpy cells became normal in the presence of dextran sulfate (Fig. 2E) or dibutyryl cyclic AMP (Fig. 2H, compare with C and D) . 3T3svpy cells whose contact behavior was restored by cyclic AMP showed a greatly enhanced peak between "c" and "d" (Fig. 3F) . The proportion of peaks "a"-"g" is quite characteristic for the type and physiological state of cells. The glycoprotein label profile significantly changed in NILpy cells grown in medium containing galactose (Fig. 2F) . The glycoprotein profile of 3T6 cells resembled that of 3T3sv or 3T3svpy cells. When contact response was induced by dextran sulfate, the peaks characteristic of transformed cells disappeared, and the lipid label became prominent.
Relation of carbohydrate structures to their label and the effect of cell contact on degree of labeling were clearly seen in the labeling pattern of glycolipids. As expected, neutral glycolipids of NIL cells were strongly labeled; the label in higher glycolipids such as globoside and Forssman glycolipid decreased; the proportion of label in simpler glycolipids greatly increased in NILpy cells, in agreement with the results of chemical analysis (Table 1) . A significant increase (50-80%) of globoside label and decrease of label in simpler glycolipids was observed in NILpy cells grown in galactose medium, whose contact orientation became obviously restored. Similarly, the label in Forssman glycolipid significantly increased in NILpy cells whose contact response was restored and whose contact orientation became obvious by either dextran sulfate or dibutyryl cyclic AMP (Table 1) .
The label in ceramide trisaccharide increased in nontransformed NIL cells after EDTA or trypsin treatment, but was 
DISCUSSION
Although several experiments using labeling with radioactive precursors have been done to distinguish membrane glycolipids and glycoproteins of normal and transformed cells (3) (4) (5) , these studies were not designed to distinguish surface structural differences. Therefore, the observed differences were difficult to correlate with the function of cell surfaces. 3T3sv cells, whose contact response was partly restored by dibutyryl cyclic AMP, have a decreased level of sulfated acid mucopolysaccharides (16) . Morphological change of NILpy or 3T3sv cells induced by dibutyryl cyclic AMP did not correlate with glycolipid composition (17) . With the galactose oxidase labeling method, major structural differences can be seen in exposed heteroglycans in compliance with the change of growth behavior. Transformed 3T3 cells contain a labeled glycoprotein of apparent molecular weight of 105,000 (peak "c", Fig. 3 ), and NILpy cells contain a glycoprotein of apparent molecular weight 85,000 (peak "d, " Fig. 2F ); both glycoproteins were not labeled in the confluent normal cells but were labeled only after treatment with trypsin. Transformed 3T3 cells also contain more label in the sialylgalactoprotein a (Fig. 3C and D) of apparent molecular weight of 140,000. Normal NIL and 3T3 cells were characterized by higher label at peaks "a" and "b" (apparent molecular weights 200,000 and 130,000), and 3T3 cells had a peak "gy' (molecular weight 30,000). These peaks were reduced or deleted in transformed cells. The presence of a galactoprotein in intact NIL cells and its complete absence in NILpy cells were well demonstrated in 5% gels ( Fig. 2A and B ), but not in 7.5% gels. An increase or creation of label by neuraminidase agrees with the general formula of sialoglycosides in which sialyl residue is linked to a penultimate Gal or GalNAc residue (20) , detectable by Ricinus communis lectin (21) .
In contrast to normal confluent cells, transformed cells and trypsinized normal cells are easily agglutinated by various lectins (1). This increased agglutinability was considered to be due to increased reactive sites to the agglutinins, but later work showed no essential difference in the amount of binding of agglutinins (18) . This difference in agglutinability was explained by clustering of agglutinin receptors by the altered "fluid dynamic" state of the membrane of the transformed and trypsinized cells (19) .
Our results show that although the total label in the glycoproteins and glycolipids of normal and transformed cells is not very different, some glycoproteins and glycolipids are much more exposed in the transformed cells, and become exposed in normal confluent cells only after trypsinization.
Therefore, some of these normally cryptic specific glycoproteins could be responsible for the observed differences in agglutinability and possibly be clustered in certain regions of the cell membrane.
The label profile of transformed cells shifted towards normal when the contact response of these transformed cells was restored by dextran sulfate or by cyclic AMP. The increased label in globoside of NILpy cells, grown in a medium in which all glucose was replaced by galactose and which showed altered contact orientation, is of special interest. Previously, it was not possible to demonstrate glycolipid changes of galactose-oriented cells, compared to normally cultured cells (8) . By the surface labeling technique, however, galactose-oriented cells have about 50-80% higher label in globoside, with the structure GalNAc1l 3Galal --3Galol -3Glc -Ceramide (22) . Forssman glycolipids and globoside characteristic of normal NIL cells were much more heavily labeled in cells cultured in the presence of cyclic AMP.
These data strongly suggest that restoration of contact inhibition or the presence of contact responses observed in the cultures in the presence of dextran sulfate or dibutyryl cyclic AMP, or in galactose-oriented medium is probably due to surface structural changs. Malignantly transformed cells have a characteristic surface structure which must be the basis of their abnormal behavior, as the characteristic glycoprotein and glycolipid profile was markedly modified when cell growth behavior changed towards normal.
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